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(54) Position Determining Input Device 

(57) The device has a light emitting cursor device 10-and at least two light sensing elements 1 1 and 13 in a 
first linear array 12 extending in a first dimension, for providing signals responsive to light incident thereon. 
The position determining input device further comprises a processing device 16 coupled to the light sensing 
elements 11 and 13 for calculating the position of the light emitting cursor device 10 in the first dimension 
dependent on the signals from the light sensing elements 11 and 13. A like device 28, 31-33, 36 is provided for 
determining position in a second direction. Another embodiment determines position in the second direction 
from the intensity of incident light on the detectors of the first array. A further embodiment describes 3-D 
detection using 2 or 3 CCD or photodiode arrays. A light pen used as the cursor device is also described with 
reference to fig 1 1 . 
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POSITION-DETERMINING INPUT DEVICE AND LIGHT 
EMITTING PEN 

Fmlri of the Invention 

5 

This invention relates to position-determining input devices. The 
invention is applicable to, but not limited to, use with digitizing 
technologies for pen-based computer systems. Separately and in addition 
it relates to a light emitting pen for such an input device. 

10 

Background of the Invention 

Three different digitizing technologies currently exist for 
determining the position of the pen in pen-based computer systems. The 

15 three technologies are resistive, electrostatic and electromagnetic. The 
digitizing technology must work effectively with a liquid crystal display 
(LCD) screen, it must protect the LCD polarized surface, and it should 
accurately simulate the sense of pen and paper. 

Resistive digitizing technologies comprise a single or double layer of 

20 transparent conductive sheet applied over a protective glass surface and 
positioned above the top polarizing layer of the LCD screen. The double- 
layered version relies on membrane touch-panel technology as known to 
those skilled in the art. In operation, the pen causes the two sheets to 
make contact and the currents are measured to determine an 'x' and 'y' co- 

25 ordinate for the pen. 

A disadvantage of the resistive digitizer technology is that the two 
conductive sheets reduce the brightness of the screen significantly and are 
typically influenced by temperature and humidity in such a way as to 
adversely affect the uniform resistivity of the conductive sheets. As a 

30 result the positional measurements of the pen are less accurate. A further 
problem associated with resistive digitizing technologies is that the 
measurements do not allow for proximity sensing of the pen. Hence, 
continuous depressions of the pen on the conductive sheets creates a 
limited life span for the sheets and further reduces the accuracy of the 

35 measurements over time. 

Electrostatic (or capacitive) digitizers require a tethered pen. A 
transparent conductive layer must also be deposited on the underside of 
the protective glass shield. In this way, as the pen nears the surface of 
the glass, the electronic signal in the pen creates a capacitive effect with 
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Preferably the position-determining input device further comprises 
a planar element having a first edge extending in the first dimension, 
wherein the at least two light sensing elements are disposed at the first 
edge of the planar element. 
5 In this manner the position of the light emitting cursor device on 

the planar element is determined in at least the first dimension. 

Advantageously, the position-determining input device does not 
require a specific, active board with in-built sensors for determining 
positions. 

10 Preferably the planar element is either a beam splitter or has light 

conducting and light reflecting properties and the first linear array 
comprises a multiplicity of light sensing elements, each providing a signal 
to the processing device. 

In this manner, light passing through or on the surface of the 

15 planar element, perpendicular to the first dimension, is incident on the 
multiplicity of light sensing elements. The processing device calculates 
the position of the fight emitting cursor device in the first dimension 
substantially dependent on the position in the first dimension of the 
individual light sensing element on which incident light is most intense. 

20 Advantageously, the multiplicity of fight sensing elements provides 

a very high resolution of the position-determining input device. 

Preferably, the processing device includes an intensity/distance 
computation function for computing a position for the light emitting 
cursor device in a second dimension, perpendicular to the first dimension, 

25 according to intensity of light incident on the first linear array in the first 
dimension. The position can be computed for the light emitting cursor 
device in a third dimension, perpendicular to the first dimension and to 
the second dimension, according to intensity of light incident on the first 
and second linear arrays in the first and second dimensions. 

30 As a preferred feature, the position-determining input device 

further comprises at least two light sensing elements in a second linear 
array extending in a second dimension, for providing signals responsive to 
light incident thereon. Preferably each linear array comprises a 
multiplicity of light sensing elements, each providing a signal to the 

35 processing device, whereby the processing device calculates the position of 
the light emitting cursor device in the first and second dimensions 
substantially dependent on the positions in the first and second dimension 
of the respective individual light sensing elements in those arrays on 
which incident light is most intense. 
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FIG. 9 is a three dimensional view of a planar element comprising a 
two-level array of beam splitters in accordance with a fourth embodiment 
of the invention. 

FIG. 10 shows a three-dimensional view of a position-determining 
5 input device having three light sensor arrays positioned in the three- 
dimensions in accordance with an optional feature of the first four 
embodiments of the invention. 

FIG. 11 is a cross section of a light pen in accordance with a further 
aspect of the invention. 

10 

Detailed Description of the Drawings 



Referring first to FIG. 1, a side view of a position-determining input 
device is shown. The position-determining input device comprises a light 

15 emitting cursor device 10, a planar element 14, and an optical lens 15 

operably coupled to a light sensing element 12. The light sensing element 
12 is a light sensor array, comprising at least two light sensing elements, 
and is disposed at a first edge of the planar element 14. A processing 
device 16 e.g. a microprocessor, comprises an intensity/distance 

20 computation function 17 and a memory element 19 and is operably 
coupled to the light sensor array 12. 

In operation, the light emitting cursor device 10, e.g. an active light 
pen, emits a beam of light on to the planar element 14. The beam of light 
is reflected off the planar element 14 and along the surface of the planar 

25 element 14, through the optical lens 15 and onto the light sensor array 12. 
The light sensor array 12 may be a charge coupled device (CCD) array or a 
photodiode array. The light sensor array 12 transmits signals to the 
processing device 16, responsive to light incident on the light sensing 
elements 11 and 13 of the light sensor array 12. The intensity/distance 

30 computation function 17 of the processing device 16 calculates the position 
of the light emitting cursor device 10 in one dimension of the planar 
element 14 according to the transmitted signals from the light sensing 
elements. An optional feature of this embodiment of the invention is for 
the light emitting cursor device 10 to emit a beam of light only when the 

35 light emitting cursor device 10 touches the planar element 14, thereby 
reducing the diffraction of light from the light emitting cursor device 10 
and improving the accuracy of the position-determining calculation of the 
processing device 16. 
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Referring now to FIG. 2, an upper view of a two-dimensional plane 
in accordance with the position-determining input device of FIG. 1 is 
shown. The planar element 14 is shown in 'x' and 'y' dimensions with the 
position in the 'y' dimension being monitored by the light sensing 
5 elements 11 and 13 of the light sensor array. The light sensor array 12 is 
operably coupled to the optical lens 15 and the processing device 16 and is 
disposed at a first edge of the planar element 14. The processing device 
16 comprises an intensity/distance computation function 17 and a memory 
element 19. 

10 In operation, the position of the 'y' dimension of the light emitting 

cursor device 10, of FIG. 1, is calculated from the beam-hit point on the 
light sensor array 12. In a preferred embodiment the light sensor array 
12 comprises a multiplicity of light sensing elements, each transmitting a 
signal to the processing device 16. The intensity/distance computation 

15 function 17 of the processing device 16 calculates the position of the light 
emitting cursor device 10 in the first y' dimension substantially 
dependent on the position in the first y' dimension of the individual light 
sensing element on which incident light is most intense. The position of 
the 'x' dimension of the light emitting cursor device 10 of FIG. 1 is 

20 calculated using the graph of FIG. 3. 

Referring now to FIG. 3, a graph is shown of light intensity versus 
distance along a first dimension e.g. the 'y' dimension, of the planar 
element 14, in accordance with the position-determining input device of 
FIG. 1. The light emitting cursor device 10, of FIG. 1, emits light onto the 

25 light sensor array 12. The processing device 16 produces a curve 18 of 
light intensity along the 'y' dimension of the planar element 14 from the 
signals transmitted from the light sensing elements of the light sensor 
array 12. The 'y 0 ' position 20 of the emitted light from the light emitting 
cursor device 10 is calculated from the point of the maximum intensity of 

30 light (y 0 ) measured by the light sensing elements. 

Referring now to FIG. 4, a number of graphs of light intensity 
across one-dimension of the planar element 14 are shown, in accordance 
with the position-determining input device of FIG. 1. The level of 
intensity of the light emitting cursor device 10 of FIG. 1, measured by the 

35 light sensing elements, varies in the 'x' dimension between a minimum 'x' 
value and a maximum 'x' value. The light sensor array 12 transmits a 
signal to the processing device 16, dependent upon the intensity of light 
incident to the light sensing elements, of FIG. 1 or FIG. 2. At a known 'y' 
position, e.g. the 'y 0 ' position 20 of the maximum intensity of light, a 
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compared to the situation where the light emitting cursor device 10 
touches the planar element 14. When the light emitting cursor device 10 
touches the planar element 14 and emits a beam of light, the light will be 
less dispersed between the light sensing elements 11 and 13 and the 
5 graphs of FIG. 4 have more pronounced peaks of light intensity levels. 

Referring now to FIG. 5, a side view of a beam splitter planar 
element 26 is shown in accordance with a preferred embodiment of the 
invention. The beam splitter planar element 26 in FIG. 5 replaces the 
planar element 14 of FIG. 1. The beam splitter planar element 26 

10 comprises a number of parallel mirrors (beam splitters) positioned at 45 
degrees to the surface of the beam splitter planar element 26. 

In operation the light emitting cursor device 10 emits a light beam 
into the beam splitter planar element 26. The emitted light is reflected off 
one of the mirrors of the beam splitter array, and through, the array of 

15 beam splitters to the optical lens 15 and the light sensor array 12. 
Preferably the light sensor array 12 comprises a multiplicity of light 
sensing elements. Each light sensing element of the light sensor array 12 
transmits signals to the processing device 16. The intensity/distance 
computation function 17 in the processing device 16 determines a position 

20 of the light emitting cursor device 10, in a first dimension by calculating 
which light sensing element received the highest intensity of light from 
the light emitting cursor device 10. The intensity/distance computation 
function 17 in the processing device 16 also calculates the position of the 
light emitting cursor device 10 in a second dimension by measuring the 

25 intensity of light that has been reflected through the beam splitter planar 
element 26. The intensity of light is attenuated by each mirror in the 
beam splitter planar element 26. In this manner the intensity of light 
measured at the light sensor array relates to a given position of the light 
emitting cursor device 10 in the second dimension. The resolution of the 

30 measurement of the x' position is determined by the finite width between 
the mirrors of the beam splitter planar element 26. 

Referring now to FIG. 6 an upper view of a two-dimensional 
position-determining input device is shown, in accordance with a 
preferred embodiment of the invention. The position-determining input 

35 device comprises a planar element 14 and two light sensor arrays 12 and 
28. The light sensor arrays 12 and 28 preferably comprise a multiplicity 
of light sensing elements and are disposed at first and second edges of the 
planar element 14. By way of a simplified explanation they are shown in 
FIG. 6 as comprising two light sensing elements 11 and 13, and 31 and 33 



-9- 

respectively. The two light sensor arrays 12 and 28 are respectively 
coupled to optical lenses 15 and 32 through band-pass optical filters 34 
and 36 which are arranged to select only the desired light source. The 
light sensor arrays 12 and 28 are operably coupled to a processing device 
5 16, for processing signals from the light sensor arrays 12 and 28. The 

processing device 16 comprises an intensity/distance computation function 
17 and a memory element 19. 

The light sensor arrays 12 and 28 are positioned for operation in 
two-dimensions of the planar element 14 and are extensions of the light 

10 sensor array (light sensing element) 12 described for primary operation in 
one dimension of FIG. 1, FIG. 2 or FIG. 5. The light sensor arrays 12 and 
28 are positioned in a first and second dimension of the planar element 14 
and indicate the 'x' and 'y' positions of the light emitting cursor device 10. 
Each light sensing element 11, 13, 31 and 33 within the light sensor 

15 arrays 12 and 28 provides signals responsive to light incident thereon. 
Signals from each light sensing element in the light sensor arrays 12 and 
28 are transmitted to the processing device 16. The intensity/distance 
computation function 17 of the processing device 16 determines which 
light sensing elements receive the highest intensity of incident light 

20 incident and thereby the two-dimensional position of the light emitting 
cursor device 10. Preferably the light sensor arrays 12 and 28 comprise a 
multiplicity of light sensing elements. 

In an optional feature of the preferred embodiment of the invention, 
the position-determining operation in two dimensions, described 

25 previously, is used for calculating the position of the light emitting cursor 
device 10 in a third, 'z, dimension. The third 'z' dimension is 
perpendicular to the first 'x' dimension and to the second y' dimension. 
The intensity/distance computation function 17 of the processing device 16 
calculates the position of the light emitting cursor device 10 according to 

30 the intensity of light incident on the first and second light sensor arrays 
28 and 30 as shown in FIG. 7. 

The light sensor arrays 12 and 28 may be a CCD array or a 
photodiode array. The planar element 14 may be an array of beam 
splitters or have light conducting and light reflecting properties. 

35 Referring now to FIG. 7, a three-dimensional graph is shown. The 

'x 0 ' and y 0 ' positions of the graph are determined substantially as 
described with reference to the position-determining input device of FIG. 
6. However, the intensity of light from the light emitting cursor device 10, 



-10- 

as shown in FIG. 7, is measured by the two light sensor arrays 12 and 28 
of FIG. 6. 

In operation the light intensity measured by the intensity/distance 
computation function 17 in the two-dimensional plane of FIG. 6 is used to 
5 determine the position of the light emitting cursor device 10 in the third, 
'z' dimension. 

A further optional feature for determining the position of the light 
emitting cursor device 10 in a third Y dimension is to use the first light 
sensor array 12 substantially as described with reference to FIG. 2, FIG. 3 
10 and FIG. 4, to determine the 'x' and y' positions of the light emitting 

cursor device 10. The second light sensor array 28 is then arranged in the 
third dimension to determine the 'z position of the light emitting cursor 
device 10. 

Referring now to FIG. 8 a three-dimensional view of an optional 

15 feature of the position-determining input device of FIG. 6 is shown. The 
planar element 14 is replaced by a beam splitter planar element 26. The 
position-determining input device comprises a beam splitter planar 
element 26 and two light sensor arrays 12 and 28, each having at least 
two light sensing elements disposed at a first and second edge of the beam 

20 splitter planar element 26. The two light sensor arrays 12 and 28 are 
respectively operably coupled to optical lenses 15 and 32 through band- 
pass optical filters 34 and 36, arranged to select only the desired light 
source. The light sensor arrays 12 and 28 are operably coupled to a 
processing device 16, for processing the signals from the light sensor 

25 arrays 12 and 28. The processing device 16 comprises an 

intensity/distance computation function 17 and a memory element 19. 

In operation the light sensor arrays 28 and 30 provide an indication 
of the x' and 'y' position of the light emitting cursor device 10. The light 
sensor array 12, receives light emitted along the top surface of the beam 

30 splitter planar element 26 to indicate the 'x' position of the light emitting 
cursor device 10. The light sensor array 28, receives light reflected by the 
beam splitter mirrors and transmitted through the beam splitter planar 
element 26 to indicate the 'y' position of the light emitting cursor device 
10. 

35 An alternative arrangement using a two-level beam splitter planar 

element is shown in FIG. 9. In operation, light is emitted from the light 
emitting cursor device 10 into the two level beam splitter planar element. 
A first portion of light is reflected off beam splitter mirrors in a first array 
of beam splitters contained within a first beam splitter planar element 38, 



- 11- 



and transmitted through the beam splitter planar element 38, to indicate 
the x' position of the light emitting cursor device 10. A second portion of 
the light is emitted through the first beam splitter planar element 38 into 
a second beam splitter planar element 26, where the beam splitter 
5 mirrors are arranged orthogonally to the beam splitter mirrors of the first 
beam splitter planar element 38. The light is reflected off the beam 
splitter mirrors in the second beam splitter planar element 26, and 
transmitted through the beam splitter planar element 26, to indicate of 
the y position of the light emitting cursor device 10. 

10 The preferred embodiment of the invention comprises two light 

sensing elements, but an optional feature would be to include a third light 
sensing element to measure the position of the light emitting cursor 
device 10 in a third dimension, as shown in FIG. 10. 

Referring now to FIG. 10 a three-dimensional view of a planar 

15 element 14 with three light sensor arrays 12, 28 and 30 is shown in 

accordance with an optional feature of the preferred embodiment of the 
invention. Two of the three light sensor arrays, 12 and 28, are disposed at 
a first and second edge of the planar element 14. The three light sensor 
arrays 12, 28 and 30 are operably coupled to optical lenses 15, 32 and 42 

20 and band-pass optical filters 34, 36 and 40 which are arranged to select 
only the desired light source. The light sensor arrays 12, 28 and 30 are 
also operably coupled to a processing device 16, for processing the signals 
from light sensing elements in the light sensor arrays 12, 28 and 30. The 
processing device 16 comprises an intensity/distance computation function 

25 17 and a memory element 19. 

In operation the position of the light emitting cursor device 10 in a 
third dimension is determined, by the intensity/distance computation 
function 17 of the processing device 16, from signals responsive to light 
incident on the light sensing elements in the light sensor arrays 12, 28 

30 and 30. The light sensor arrays 12, 28 and 30 are any combination of 
linear light sensor arrays such as CCD arrays or photodiode arrays and 
are positioned in the x', 'y' and 'z' dimensions of the planar element 14. 
The planar element 14 may be a beam splitter planar element or have 
light reflecting and light conducting properties. 

35 Advantageously the position-determining input device according to 

the preferred embodiment of the invention requires lower power 
consumption than present position-determining input devices. The 
position-determining input device according to the preferred embodiment 
of the invention is lighter, immune to noise, does not produce RFI and is 
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accurate. The resolution of the position-determining calculations is 
dictated by the number of light sensing elements and the planar element 
used and not to the variable performance associated with a resistive touch 
sensor pad. The planar element is not active (i.e. does not require a 
5 current source to operate) and no calibration is required. A number of 
preferred embodiments have been provided that allow proximity sensing 
of the pen and a "tethered" pen is not needed. 

Thus an alternative position-determining input device is described 
with improved performance over present devices. 

10 Referring now to FIG. 11, a light pen is shown which is suitable for 

use in the two-dimensional input devices described above. The pen 
comprises a battery power source 100, a light emitting element 101, a 
push-to-make switch having contacts 102 and 103 and a mechanical 
spring 104. The light emitting element 101 is connected to the battery 

15 100 via the contacts 103, 104 when the contacts are closed. The contacts 
are closed by pressing the pen on a surface such as planar element 14, 
causing spring 104 to compress and close the contacts 102, 103. 

The arrangement has the advantage of power saving, because a 
convienient switch arrangement is provided causing power to be drawn 

20 only when there is downward pressure on the pen. Additionally, spurious 
inputs are avoided which might otherwise arise if a constant light source 
were used causing inputs to the input device when the pen is not in 
contact with the planar surface. 

The combination of the light pen and a two-dimensional input 

25 device as described and claimed is a very advantageous combination. 
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Claims 

1. A position-determining input device comprising: 
a light emitting cursor device; 

5 at least two light sensing elements in a first linear array extending 

in a first dimension, for providing signals responsive to light incident 
thereon; and, 

a processing device coupled to the at least two light sensing 
elements for calculating a position of the light emitting cursor device in 
10 the first dimension dependent on the signals from the at least two light 
sensing elements. 

2. A position-determining input device according to claim 1, further 
comprising a planar element having a first edge extending in the first 

15 dimension, wherein the at least two light sensing elements are disposed at 
the first edge of the planar element 

3. A position-determining input device according to claim 1, wherein 
the first linear array comprises a multiplicity of light sensing elements, 

20 each providing a signal to the processing device, whereby the processing 
device calculates the position of the light emitting cursor device in the 
first dimension substantially dependent on the position in the first 
dimension of the individual light sensing element on which incident light 
is most intense. 

25 

4. A position-determining input device according to claim 3, wherein 
the processing device includes an intensity/distance computation function 
for computing at least a position for the light emitting cursor device in a 
second dimension, perpendicular to the first dimension, according to 

30 intensity of light incident on the first linear array in the first dimension. 

5. A position-determining input device according to claims 3 or 4, 
wherein the first linear array is a CCD array. 

35 6. A position-determining input device according to claim 3 or 4, 
wherein the first linear array is a photodiode array. 
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7. A position-determining input device according to any one of claims 
2 to 6, wherein the planar element has light conducting and light 
reflecting properties. 

5 8. A position-determining input device according claim 7, wherein the 
planar element is a beam splitter. 

9. A position-determining input device according to claim 1, further 
comprising at least two light sensing elements in a second linear array 

10 extending in a second dimension, for providing signals responsive to light 
incident thereon. 

10. A position-determining input device according to claim 9, further 
comprising a planar element having light conducting and light reflecting 

15 properties and having a first edge extending in the first dimension and a 
second edge extending in the second dimension, wherein the at least two 
light sensing elements of the first linear array are disposed at the first 
edge of the planar element and the at least two light sensing elements of 
the second linear array are disposed at the second edge of the planar 

20 element. 

11. A position-determining input device according to claim 9, wherein 
each linear array comprises a multiplicity of light sensing elements, each 
providing a signal to the processing device, whereby the processing device 

25 calculates the position of the light emitting cursor device in first and 

second dimensions substantially dependent upon positions in the first and 
second dimensions of the respective individual light sensing elements in 
those linear arrays on which incident light is most intense. 

30 12. A position-determining input device according to claim 9, 10 or 11, 
wherein each linear array is a CCD array. 

13. A position-determining input device according to claim 9, 10 or 11, 
wherein each linear array is a photodiode array. 

35 

14. A position-determining input device according to any one of claims 
9 to 13, wherein the planar element has light conducting and light 
reflecting properties. 
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15. A position-determining input device according claim 14, wherein 
the planar element is a beam splitter. 

16. A position-determining input device according to any one of claims 
5 9 to 15, wherein the processing device includes an intensity/distance 

computation function for computing a position for the light emitting 
cursor device in a third dimension, perpendicular to the first dimension 
and to the second dimension, according to intensity of light incident on the 
first and second linear arrays in the first and second dimensions. 

10 

17. A position-determining input device according to any one of claims 
9 to 15, further comprising at least two light sensing elements in a third 
linear array extending in a third dimension, for providing signals 
responsive to light incident thereon. 

15 

18. A light pen comprising a power source, a light emitting element, a 
push-to-make switch connecting the light emitting element to the power 
source, and an elongate housing surrounding the power source and the 
light emitting element, with the light emitting element protruding from 

20 an end of the housing and with the light emitting element being 

mechanically coupled to the push-to-make switch, whereby pressure on 
the light emitting element closes the switch and causes the light emitting 
element to emit light. 
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